M urine lupus is an autoimmune disease with a variety of antiprotein and nonprotein autoantibodies that cause injury to several organ systems including the kidney (1) (2) (3) . Cationic anti-double-stranded (ds) 1 DNA antibodies are pathogenic and contribute to immune complex glomerulonephritis (4, 5) . T cells play an important role in augmenting the secretion of anti-ds DNA antibodies in lupus (6, 7) . It is not clear how conventional T cells that recognize peptides associated with class I and II MHC molecules provide help for B cells that secrete antibodies to nonprotein antigens. Hypothesized mechanisms of T cell help include T cell recognition of DNA-associated protein antigens, such as histones (8, 9) , and recognition of peptide fragments of anti-DNA antibodies (10, 11) .
Since some subsets of T cells (i.e., NK1.1 ϩ T cells) have been reported to recognize the nonpolymorphic, class I MHC-like molecule CD1 (12, 13) , and other T cells can recognize sugar and/or lipid antigens in the context of CD1 (14, 15) , these anti-CD1 T cells may provide an alternative mechanism of activation and help for the secretion of antibodies to nonprotein antigens. In the current study, transgenic CD4 ϩ and CD8 ϩ cells that recognize CD1 on syngeneic B cells and activate them to secrete immunoglobulins were tested for their capacity to induce lupus in irradiated syngeneic (BALB/c) nude hosts. These T cells were obtained from the spleen of a line of transgenic BALB/c mice that expressed the TCR-␣ and -␤ chain genes from an anti-CD1 BALB/c T cell clone (16) . The transgenic CD4 ϩ and CD8 ϩ T cells induced lupus in the irradiated hosts, and the majority developed severe immune complex glomerulonephritis and anti-ds DNA antibodies. On the other hand, CD4 Ϫ CD8 Ϫ T cells from the bone marrow (BM) of transgenic mice expressing the same TCR-␣ and -␤ chain genes prevented lupus when coinjected with inducing T cells. The latter T cells secreted large amounts of IFN-␥ and little IL-4, whereas the preventive T cells secreted large amounts of IL-4 and little IFN-␥ . ethanol (complete medium) for 48 h at 37 Њ C in 5% CO 2 .
[ 3 H]thymidine (1 Ci/well) was added, and cells were harvested 24 h later. [ 3 H]thymidine (New England Nuclear, Boston, MA) incorporation was measured in a liquid scintillation counter. In some experiments, monoclonal rat anti-CD1 monoclonal antibodies (3C11) or control rat IgM myeloma protein were added to the tissue culture media at time 0. All assays were performed in triplicate wells with responder or stimulator cells alone or together.
Secretion of Immunoglobulin In Vitro. Unfractionated or sorted T and/or B cells from the spleen were incubated in 96-well flatbottomed plastic dishes in complete medium for 5 d at 37 Њ C in 5% CO 2 . At the end of the culture period, supernatants were harvested and the concentrations of IgM and IgG were measured using the ELISA assay.
Induction and Monitoring of Autoimmune Disease. 2-3-mo old male BALB/c nu / nu mice were given a single dose of 800 cGy whole body irradiation from a 250 Kv x-ray source as described previously (23) . BM cells with or without sorted T cells were injected intravenously within 6 h after the irradiation. Urine protein was measured on a 1 to 4 ϩ scale using a colorimetric assay for albumin (Albustix, Miles, Inc., Elkhart, IN). Hosts were considered to have proteinuria if at least two consecutive urine samples were 2 ϩ (100 mg/dl) or greater. Anti-ds DNA antibodies in the serum were measured using two-stage immunofluorescent staining of Crithidia luciliae organisms fixed onto glass slides (ImmunoConcepts, Sacramento, CA). Counterstaining was performed with rabbit anti-mouse IgG antibody conjugated with FITC (DAKO, San Diego, CA). A serum sample was considered positive when staining of the kinetoplasts was observed at a dilution of at least 1:40. Positive samples were confirmed by staining with biotinylated affinity-purified goat anti-mouse IgG antibodies and counterstaining with streptavidin conjugated with FITC (Vector Laboratories, Burlingame, CA). None of 12 serum samples from untreated BALB/c or BALB/c nu / nu mice were positive. Kidney tissues were evaluated by immunofluorescent staining with the rabbit anti-mouse IgG antibody conjugated with FITC using modifications of standard methods (24) . Specificity for IgG deposition in glomeruli was confirmed by staining with affinity-purified goat anti-mouse IgG antibodies.
Cytokine Secretion. Cytokine determinations were made by incubating 10 5 sorted T cells in 96-well round-bottomed microtiter plates in complete medium with PMA (20 ng/ml) and 1 M ionomycin, and harvesting supernatants at 48 h. Secretion of IFN-␥ , IL-10, and IL-4 was measured by enzyme-linked immunosorbent assay kits (BioSource, Camarillo, CA). IL-2 was measured using the HT-2 cell bioassay with anti-IL-4R blocking antibody (Genzyme, Cambridge, MA). Values show means of triplicate measurements of supernatants.
Results
V ␤ 9,V ␣ 4.4 Transgenic T Cells That Recognize CD1 Activate B Cells to Secrete Immunoglobulins. We established two lines of BALB/c mice that expressed the TCR-␣ and -␤ transgenes obtained from cloned CD4 Ϫ CD8 Ϫ T cells derived from the spleen of a BALB/c mouse (16) . In one line of mice (SP) the transgenes (V ␤ 9-D ␤ 1.1-J ␤ 2.1 and V ␣ 4.4-J ␣ 24) were expressed in almost all CD4 ϩ and CD8 ϩ T cells, and in the other line (DN) the transgenes were expressed predominantly in CD4 Ϫ CD8 Ϫ T cells (16) . Although the two lines of mice appeared healthy during the first year af-ter birth, measurements of the serum immunoglobulin levels of the SP transgenic mice showed that there was an increase in the concentration of IgG as compared to nontransgenic BALB/c mice at age 3 and 6 mo of age (Table 1). However, the increase was not as great as that observed in age-and sex-matched, lupus-prone, NZB/NZW F 1 mice at the two time intervals. Serum IgM levels were similar in the transgenic and nontransgenic BALB/c mice, and DN transgenic mice tested at 3 mo had IgG and IgM levels similar to that of SP transgenic mice (data not shown). Hypergammaglobulinemia was associated with an increased spontaneous secretion of IgM and IgG in vitro by the spleen cells from transgenic as compared to nontransgenic BALB/c mice (Table 1) . Cells from the latter mice failed to secrete detectable levels of IgG. IgG secretion by NZB/NZW F 1 mice was higher than that of the transgenic mice. Despite the increased serum IgG, none of the transgenic mice developed proteinuria or anti-ds DNA antibodies at 6 mo as did the NZB/NZW F 1 mice (data not shown).
To determine the mechanism of spontaneous immunoglobulin secretion by the SP transgenic spleen cells, graded concentrations of sorted transgenic T (Thy-1 ϩ ) cells were incubated with a constant number (5 ϫ 10 5 ) of sorted nontransgenic B (B220 ϩ ) cells from the spleen for five d. Fig. 1 A shows that increasing concentrations of IgM and IgG were found in the culture supernatants as the dose of transgenic T cells increased. Substitution of nontransgenic, wild-type T cells for the transgenic T cells failed to generate detectable levels of IgM and IgG. Although addition of anti-class I or II MHC antibodies failed to potently inhibit the secretion of IgM and IgG in the cultures with transgenic T cells (data not shown), the addition of an anti-CD1 monoclonal antibody (1B1; rat IgG2b) inhibited IgM and IgG secretion by Ͼ80% (Fig. 1, B and C) . (Fig. 1 E) . These proliferative responses were potently inhibited by an anti-CD1 antibody (3C11), but not by control IgM antibody (Fig. 1, F and G) . Immunofluorescent staining for CD1 receptors showed that the A20 cells did not express CD1, and the CD1-transfected A20 cells as well as the BCL 1 cells expressed high levels ( Fig. 1, H-J) . A subset of B (B220 ϩ ) cells in the nontransgenic BALB/c spleen also stained brightly for CD1 receptors, and accounted for ‫%31ف‬ of nucleated cells (box, Fig. 1 K) . The results suggest that the interaction between the transgenic T cells and nontransgenic B cells results in mutual activation via the CD1 receptors and the TCRs.
Injection of Transgenic T Cells into BALB/c nu/nu Mice Induces Lupus.
Since the transgenic T cells recognized CD1 on syngeneic B cells and were capable of stimulating IgM and IgG secretion, these T cells were tested for their capacity to induce lupus in adoptive transfer experiments. Cells from the spleen and BM of the SP transgenic mice were injected intravenously into BALB/c euthymic or nu/nu host mice after a single dose of 800 cGy whole body irradiation. As shown in Fig. 2 A, injection of 2.5 ϫ 10 6 BM cells from SP transgenic mice into nu/nu hosts resulted in the appearance of CD4 ϩ and CD8 ϩ cells in the blood that almost exclusively expressed the V ␤ 9 transgene (compare boxes 1 and 2). In contrast, the large majority of CD4 ϩ and CD8 ϩ cells in the blood of euthymic hosts given the SP transgenic BM cells did not express the V ␤ 9 transgene (Fig. 2 B, boxes  1 and 2) . The donor or host origin of the nontransgenic CD4 ϩ and CD8 ϩ cells was not determined in the current study. Table 2 shows that the injection of 2.5 ϫ 10 6 BM cells from the SP transgenic mice into 20 irradiated hosts induced ascites in 9, and proteinuria (у2ϩ) and serum antids DNA antibodies (titer у1:40) in 15. Proteinuria did not appear until the second month after the cell injection, and all mice that developed ascites in the second or third month died by 100 d (data not shown). Autopsy of six mice with proteinuria and ascites showed that they had immune complex glomerulonephritis as judged by immunofluorescent staining of the glomeruli with anti-IgG-specific monoclonal antibodies (Fig. 3 C) . Arrows show the staining of capillary loops. Fig. 3 A shows the staining pattern of the CD4 ϩ and CD8 ϩ V ␤ 9 ϩ transgenic T cells in the BM of the SP trans- genic mice, and the appearance of a recipient with ascites is shown in Fig. 3 E. The addition of 5 ϫ 10 5 sorted T cells (Thy-1 ϩ ) from the spleen of the SP transgenic mice to the injected BM cells induced ascites, proteinuria, and anti-ds DNA antibodies in six out of six nude hosts (Table 2) , and all died by day 75 with an accelerated course of these disease abnormalities. When 2.5 ϫ 10 6 BM cells from the DN transgenic line were injected into nude hosts, none developed proteinuria, anti-ds DNA antibodies, or ascites (Table 2 and Fig. 3 F) . Their kidneys showed deposition of IgG in the mesangium, but not in the capillary loops (Fig. 3 D) . Deposition of IgG in the mesangium was observed in control euthymic and athymic nontransgenic BALB/c mice also (data not shown). Staining of the BM cells from DN transgenic mice showed that both CD4 ϩ and CD8 ϩ V ␤ 9 ϩ T cells as well as CD4 Ϫ CD8 Ϫ T cells were present (Fig. 3 B) . The injection of 2.5 ϫ 10 6 BM cells from euthymic or athymic nontransgenic BALB/c mice failed to induce lupus disease abnormalities ( Table 2 ). The injection of BM cells from euthymic SP transgenic mice failed to induce anti-ds DNA antibodies, proteinuria, or ascites in eight of eight irradiated hosts that were euthymic instead of athymic (data not shown in Table 2 ). The failure to induce lupus was associated with the predominant appearance of nontransgenic CD4 ϩ and CD8 ϩ cells in the blood within 4 wk after the SP BM cell injection (Fig. 2 B) . A similar predominance of non-transgenic CD4 ϩ and CD8 ϩ cells was observed after injection of DN transgenic BM cells into euthymic hosts (Fig. 2 D) . However, when the DN BM cells were injected into athymic hosts, almost all CD4 ϩ and CD8 ϩ cells in the blood expressed the V ␤ 9 transgene as shown in Fig. 2 C. The percentages of CD4 Ϫ CD8 Ϫ V ␤ 9 ϩ cells in the blood of both athymic and euthymic mice were similar ( Fig. 2 C  and D, box 3) .
Injection of 5 ϫ 10 5 sorted T cells from the SP transgenic spleen along with 2.5 ϫ 10 6 BM cells from nontransgenic nude mice induced proteinuria and serum anti-ds DNA antibodies in eight out of eight nude hosts, but failed to induce ascites. Although BM cells from the DN transgenic mice did not induce lupus abnormalities, the addition of 5 ϫ 10 5 sorted CD4 Ϫ CD8 Ϫ T cells from the spleen of DN transgenic mice to 2.5 ϫ 10 6 BM cells from nontransgenic nude mice induced proteinuria and anti-ds DNA antibodies without ascites in four out of six nude hosts ( Table  2 ). The sorted CD4 Ϫ CD8 Ϫ T cells from the DN transgenic spleen induced accelerated disease after addition to BM cells from SP transgenic mice, and eight out of eight hosts died with ascites by 75 d (Table 2) .
In further experiments, sorted CD4 ϩ or CD8 ϩ T cells (2 or 5 ϫ 10 5 ) from the SP transgenic spleen were tested for the ability to induce lupus abnormalities. Addition of either T cell subset to BM cells from nontransgenic nude mice induced proteinuria and anti-ds DNA antibodies in at least half of the irradiated recipients ( Table 2 ). The CD4 ϩ T cells appeared to be more effective on a per cell basis, since a higher proportion of hosts developed lupus abnormalities with 2 ϫ 10 5 CD4 ϩ T cells as compared to 5 ϫ 10 5 CD8 ϩ T cells. Control hosts given nontransgenic nude BM cells and sorted T cells from the spleen of nontransgenic BALB/c mice failed to show any lupus abnormalities ( Table 2) .
CD4 Ϫ CD8 Ϫ T Cells from the Transgenic Marrow Prevent Lupus. Mixing experiments were performed to determine whether whole BM cells from DN transgenic mice affect the ability of BM cells from SP transgenic mice to induce lupus abnormalities. Hosts given a mixture of 2.5 ϫ 10 6 BM cells from each source were compared to those given only SP transgenic BM cells in Table 3 . Although 15 out of 20 hosts given SP transgenic BM cells alone developed proteinuria and anti-ds DNA antibodies, only two out of eight hosts given the combination of cells developed these abnormalities (P Ͻ.01; chi square test). The inhibitory activity of the DN transgenic BM cells was related to the presence of the transgenes, since substituting 2.5 ϫ 10 6 BM cells from nontransgenic BALB/c mice failed to inhibit the induction of lupus abnormalities by the SP transgenic BM cells (Table 3 ; P Ͼ0.05).
The inhibitory activity of the CD4 Ϫ CD8 Ϫ T cells in the DN transgenic marrow was tested by isolating the latter cells by flow cytometry and adding them to 2.5 ϫ 10 6 unfractionated BM cells from SP transgenic mice. The CD4 Ϫ CD8 Ϫ T cells (2.5 ϫ 10 5 ) were highly effective in preventing lupus abnormalities since none of the eight hosts given the combination of cells developed ascites or proteinuria and only two developed anti-ds DNA antibodies (Table 3) . It is of interest that the addition of sorted CD4 Ϫ CD8 Ϫ T cells from the spleen (SPL) of DN transgenic mice to the BM cells from the SP transgenic mice augmented the disease abnormalities induced by the SP BM cells (eight out of eight hosts developed ascites), whereas addition of the sorted CD4 Ϫ CD8 Ϫ T cells from the DN marrow markedly inhibited the disease (Table 3) .
Cytokine Profile of Transgenic T Cells That Induce or Prevent Lupus. Since some subsets of transgenic T cells induced and some prevented lupus in the adoptive hosts, the cytokine profiles of the purified T cell subsets from the spleen and BM were studied to determine whether different patterns were associated with the different functions. Sorted CD4 ϩ and/or CD8 ϩ T cells from the spleen of the SP transgenic mice as well as sorted CD4 Ϫ CD8 Ϫ T cells from the spleen and BM of the DN transgenic mice were incubated in vitro for 48 h with ionomycin and PMA added to the tissue culture medium. The supernatants were harvested thereafter, and assayed for the concentration of IL-2, IL-4, IL-10, and IFN-␥. The T cell subsets that induced lupus (CD4 ϩ , of secretion of IL-10 was not associated with the capacity of the T cell subsets to induce or prevent disease. It is of interest that CD4 Ϫ CD8 Ϫ BM T cells that prevented disease did not secrete IL-10. In addition, the secretion of IL-10 did not follow a classical Th1 or Th2 pattern (25, 26) . Some inducing T cell subsets that secreted large amounts of IFN-␥ also secreted large amounts of IL-10 (CD4 ϩ T cells), and other T cell subsets that secreted predominantly IL-4 (CD4 Ϫ CD8 Ϫ marrow T cells) secreted no IL-10.
Serum Levels of Immunoglobulins in BALB/c nu/nu Recipients.
Since levels of serum IgM and IgG are elevated in mice with hereditary lupus (1-3) and in the transgenic donor mice, the kinetics of changes in serum IgM and IgG concentrations were determined in BALB/c nu/nu recipients given unfractionated BM from SP transgenic mice or from control nontransgenic BALB/c nu/nu mice. Fig. 4 A shows the mean levels of serum IgG at different time points in the transgenic cell recipients that developed ascites and in those that did not. Levels in ascitic recipients are shown for only 7 wk due to deaths thereafter. Recipients that developed ascites showed a rapid rise of ‫-01ف‬fold in serum IgG as compared to baseline during the first 3 wk after cell injection, and the peak level was ‫000,2ف‬ g/ml. The peak level was statistically significantly different from baseline (P Ͻ0.001), as judged by the comparison of independent means using the two-tailed Students t test. Thereafter, the levels fell rapidly and returned to baseline or below at 7 wk. Recipients that did not develop ascites showed a progressive slower rise in serum IgG, and the plateau level of ‫005,1ف‬ g/ml observed at 7 wk was significantly increased as compared to baseline (P Ͻ0.001). Control recipients showed a slight rise in serum IgG that was not statistically significant (P Ͼ0.05) at the peak. At 3 wk, IgG levels in both groups of experimental recipients were significantly increased as compared to control levels (P Ͻ0.001), and the experimental group with ascites was significantly increased as compared to the experimental group without ascites (P Ͻ0.01). Levels of serum IgM were statistically significantly increased (P Ͻ0.01) at weeks three, five, and seven in transgenic T cell recipients as compared to controls, but experimental and control levels converged by 9 wk (Fig. 4 B) .
The levels of serum IgG subclasses were measured at the peak IgG time points in the experimental and control recipients. Table 5 shows that experimental recipients with ascites had about a 5-fold increase in IgG1 and a 13-fold increase in IgG2a, as compared to control recipients (P Ͻ0.001). Levels of IgG2b and IgG3 were not significantly different (P Ͼ0.05). Experimental recipients without ascites had about a 4-fold increase in IgG1, and a 5-fold increase in Table 2 Table 5 ). Recipients given the combination of cells had significant elevations of IgG2a as compared to controls (P Ͻ0.05), but IgG2a levels were significantly reduced as compared to recipients given only SP BM cells (P Ͻ0.05). All recipients given only SP BM cells shown in Table 5 had elevated levels (у1:40) of antids DNA antibodies and proteinuria, but none of the recipients in Table 5 given the combination of cells had elevated anti-ds DNA antibodies or proteinuria. The serum levels of IgG subclasses in unirradiated BALB/c nu/nu mice are shown for comparison.
Discussion
The genes that encode the polymorphic MHC antigens have been shown to play an important role in hereditary lupus of NZB/NZW mice, since the H-2 z haplotype of the NZW parent line contributes to disease susceptibility (27). The mechanism of this contribution is presumably via T cell recognition of pathogenic self-peptides presented by the polymorphic MHC molecules. However, pathogenic autoantibodies such as cationic anti-ds DNA IgG antibodies are directed to nonprotein antigens. T cells that recognize peptides derived from nucleosomes or from anti-DNA antibodies have been postulated to augment the secretion of these anti-DNA antibodies (9, 10 ). An alternative pathway of T cell-induced polyclonal activation of B cells and/or help for the secretion of autoantibodies to nonprotein antigens (i.e., nucleotides, phospholipids, and phosphodiesters) in lupus is via T cell recognition of the nonpolymorphic MHC class I-like, CD1 molecule (12) (13) (14) (15) . Some T cells (NK1.1 ϩ T cells) in mice have been reported to recognize CD1 itself, and T cell clones have been reported to recognize glycolipid antigens in association with CD1 (12) (13) (14) (15) .
In this study, T cells with V ␣ 4.4 and V ␤ 9 TCR-␣ and -␤ transgenes stimulated nontransgenic B cells to secrete IgM and IgG in vitro via engagement of the CD1 receptors on the B cells. The TCR transgenic mice developed hyper- (29) . The SP and DN lines of transgenic mice that express the anti-CD1 V ␣ 4.4 and V ␤ 9 combination contained a heterogeneity of transgenic T cell subsets including CD4 ϩ , CD8 ϩ , and CD4 Ϫ CD8 Ϫ phenotypes (16) . Stimulation of the sorted subsets in vitro with PMA and ionomycin showed a heterogeneity of cytokine secretion patterns, none of which were classical Th1 or Th2 patterns. Sorted CD4 ϩ , CD8 ϩ , and CD4 Ϫ CD8 Ϫ transgenic T cells from the spleen secreted large amounts of IFN-␥ and IL-2, and small amounts of IL-4. In that respect, transgenic cells were similar to Th1 T cells. However, unlike Th1 cells, the transgenic CD4 ϩ T cells secreted large amounts of IL-10. Although the splenic CD4 Ϫ CD8 Ϫ transgenic T cells secreted large amounts of IFN-␥ and little IL-4, the CD4 Ϫ CD8 Ϫ transgenic T cells in the bone marrow showed the opposite pattern with little IFN-␥ and large amounts of IL-4. The marrow T cells were not typical of Th2s, since they secreted no IL-10. The CD4 Ϫ CD8 Ϫ T cells in the spleen and marrow shared the same DN phenotype and the same TCR transgenes, but differed in their cytokine secretion pattern. Previous studies suggested that the splenic DN T cells were derived from a thymus-derived maturation pathway, whereas those in the marrow were derived from an extrathymic maturation pathway (16) . This may account for the differences in their cytokine secretion pattern.
The injection of SP BM cells containing CD4 ϩ and CD8 ϩ transgenic T cells into the irradiated BALB/c nude hosts induced overt lupus with anti-ds DNA antibodies, increased serum levels of IgG, immune complex glomerulonephritis, proteinuria, and ascites. Injection of BM cells from nontransgenic athymic or euthymic BALB/c mice failed to induce any lupus abnormalities. Addition of sorted CD4 ϩ , CD8 ϩ , or CD4 Ϫ CD8 Ϫ transgenic T cells from the spleen to nontransgenic nude BM cells induced anti-ds DNA antibodies and proteinuria in most recipients without ascites. The most severely affected hosts were those given a combination of SP transgenic BM cells containing transgenic CD4 ϩ and CD8 ϩ T cells, and sorted CD4 ϩ and CD8 ϩ T cells from the SP transgenic spleen or sorted CD4 Ϫ CD8 Ϫ T cells from the DN transgenic spleen. All of these hosts developed ascites, and died by 75 d. Both CD4 ϩ and CD4 Ϫ CD8 Ϫ T cells from the spleen of mice with hereditary lupus have been reported to augment the secretion of anti-ds DNA antibodies in vitro (6) .
Although the transgenic T cells induced overt lupus in adoptive nude hosts, the transgenic donor mice did not develop lupus nor did adoptive euthymic hosts. In the case of the transgenic donors, thymus-dependent regulatory cells expressing endogenous TCR genes may inhibit the development of lupus. In the case of euthymic hosts, nontransgenic T cells of either host or donor origin were predominant. In contrast, almost all T cells in athymic hosts expressed the V ␤ 9 transgene and developed lupus. Previous studies have shown that irradiated thymectomized hosts given a combination of nontransgenic BM cells and TCR transgenic T cells show a marked expansion of the transgenic T cells when the transgenic TCR ligand (antigen) is coinjected (30) . However, the antigen-induced expansion of the transgenic T cells is markedly inhibited by the presence of the thymus in the adoptive hosts, and the outgrowth of thymus-dependent nontransgenic T cells competes effectively with the transgenic T cells. Thus, the presence of the thymus in the current model may inhibit the expansion of T cells expressing transgenic TCR-␣ or -␤ chain genes that recognize CD1, and favor those that express endogenous ␣ or ␤ chain genes.
BM cells containing SP transgenic CD4 ϩ and CD8 ϩ T cells induced lupus in most nude recipients, but BM cells from DN transgenic mice containing transgenic CD4 ϩ , CD8 ϩ , and CD4 Ϫ CD8 Ϫ T cells failed to induce lupus in any recipients. Mixing experiments showed that the latter BALB/c nude hosts given BM from SP transgenic donors had levels of serum IgG that were ‫-01ف‬fold higher than those of hosts given BM from nontransgenic BALB/c nude donors. Experimental recipients had significant increases in both IgG1 and IgG2a subclasses, and those with ascites had the highest levels of IgG2a. The latter mice showed a rapid decline in serum IgG levels after a transient peak, just as mice with hereditary lupus show a decline after the development of ascites (3) . This may be due to loss of IgG in the urine and intestines, and to the effects of systemic illness on IgG synthesis. Although BM from DN transgenic mice failed to induce lupus and sorted CD4 Ϫ CD8 Ϫ T cells from the DN BM cells protected in mixing experiments, the combination of SP BM cells and protective CD4 Ϫ CD8 Ϫ T cells induced significant elevations in serum IgG1 and significant reductions of serum IgG2a as compared to recipients given SP BM alone. Recipients given the combination of cells had little anti-ds DNA antibodies or proteinuria. Thus, severity of disease is associated with the development of anti-ds DNA antibodies and with elevated serum IgG2a as has been observed in hereditary lupus (5, 31) .
The ability of the different transgenic T cell subsets to induce or prevent lupus was correlated with their cytokine secretion pattern, and as in other autoimmune diseases mediated by T cells, the ratio of secretion of IFN-␥ to IL-4 was important (32) (33) (34) (35) . In particular, T cells that induced disease had a high ratio of IFN-␥ to IL-4 secretion, and those that prevented disease had a high ratio of IL-4 to IFN-␥ secretion (33, 35) . It is likely that the latter ratio contributed to the very high IgG1 levels and reduced IgG2a levels in recipients given suppressive cells, and may have contributed to the inhibition of anti-ds DNA antibody secretion. In experimental allergic encephalomyelitis, IL-4 has been shown to play a direct role in ameliorating the disease (36) and, in NOD mice, introduction of an IL-4 transgene regulated by the insulin promoter renders the animals resistant to the development of disease (37) . In addition, introduction of an IL-4 transgene into the (NZW ϫ C57BL/6. Yaa)F1 mice prevents the development of lupus in this strain (38) . It is not clear how IL-4 plays a role in ameliorating an antibody-mediated disease such as lupus. One possibility is that IL-4 regulates isotype switching so that pathogenic IgG2a anti-ds DNA antibodies like those found in hereditary lupus (22, 38) are reduced.
In the case of hereditary murine lupus, administration of IL-10 worsens the disease and administration of anti-IL-10 antibodies ameliorates the disease (39) . The effects of anti-IL-10 antibodies may be related to the regulation of TNF-␣ secretion since endogenous secretion of TNF-␣ is increased in lupus after injection of the antibodies (39) . Amelioration of disease by anti-IL-10 antibodies can be blocked by injection of anti-TNF-␣ antibodies (39) . Administration of IFN-␥ worsens lupus, and injection of anti-IFN-␥ antibodies ameliorates the disease (40, 41) . Thus, IFN-␥ and IL-10 on one hand, and TNF-␣ on the other, play opposing roles in regulating the disease. It is not surprising that T cells that secrete high levels of IFN-␥ and IL-10 and low levels of IL-4 such as the transgenic anti-CD1 CD4 ϩ T cells may induce or worsen lupus after activation of B cells via their CD1 receptors. On the other hand, the transgenic BM CD4 Ϫ CD8 Ϫ T cells that secrete high levels of IL-4 and low levels of IFN-␥ and no IL-10 would have been predicted to ameliorate disease based on their cytokine secretion pattern. CD4 Ϫ CD8 Ϫ T cells from the BM of nontransgenic mice, as well as cloned "natural suppressor" CD4 Ϫ CD8 Ϫ T cells (including those that express the transgenic V ␤ 9, V ␣ 4.4 receptors) have been reported to ameliorate acute lethal graft versus host disease (17, 42, 43) .
One hypothesis that explains the current experimental results is that the transgenic TCRs engage/cross-link CD1 itself or CD1 associated with an endogenous lipid or nucleotide fragments on the surface of B cells, and activate the latter cells to secrete IgG antibodies including pathogenic anti-ds DNA antibodies that cause glomerulonephritis. The engagement of the TCRs activates the transgenic T cells to proliferate and secrete cytokines using previously described pathways involving CD40-CD40 ligand, and B7-1/B7-2-CD28 interactions (44, 45) . The cytokine secretion pattern of the T cells plays a critical role in regulating the B cell activation even when the TCR of the T cell subsets and the CD4 and CD8 receptor expression are identical. The target B cells that express high levels of CD1 appear to be a distinct subset in the spleen as judged by their immunofluorescent staining pattern. The characteristics of this subset, and the role of this B cell subset and anti-CD1 T cells in hereditary or spontaneous lupus remain to be elucidated. It is of interest that MRL/lpr mice lacking CD1 receptors due to a disruption of the gene encoding ␤ 2 microglobulin do not develop hereditary lupus and that lupus induced by the injection of anti-ds DNA idiotype protein is prevented by disruption of the ␤ 2 microglobulin gene (46, 47) . In addition, MRL/gld/gld, and NZB/NZW F 1 mice lose a subset of T cells (NK1.1 ϩ V ␣ 14) that recognizes CD1 and secretes high levels of IL-4 just before lupus develops (48) . Anti-V ␣ 14 monoclonal antibodies injected into MRL/lpr mice exacerbates the development of lupus, and depletes this T cell subset (48) . The latter subset shows two characteristics (recognition of CD1 and high level secretion of IL-4) with the CD4 Ϫ CD8 Ϫ T cell subset in the marrow that prevented lupus in this study. 
